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tbjV?gHTSJ#IcU[EbJe[ne=tHRWZ#]^TWTSeQHJ#J#v¢[lV½guJ([`HQbJ#v]YQbv¢VYtH[RWI+RWÂJ/v°VYQjJ/]^TWTSeTW]YjX?J(]^tHtbTSR_Z]^[RWVYQbc#ÄÙ\
tu]^j[R_Za`HT_]^jZaV?QbZaJ#jQ%R_cC[EHJUI]^Qu]^XYJ#IJQ5[CVY[lEHJUt;V^[J#Q5[R_]^TWTSe?JjleT_]^jlXYJPI+J#IVYjlejJ/h?`bRSjlJIJQ5[/Ä
DFEHJCÎ=QHV ¶ TWJ#vwX?JÅV^b[EHJCtHE=ewcfR_Z]YT?tHjlVYgbTSJ#I g;JRWQHXPIV=vHJTWJ#v"Ì ¶ EHR_ZxER_cJawtHTWVYRS[J/vURSQ+Eb]YQbv ¶ jlR[lRSQHX
vHRWclZajlJa[lJF]?vµmnVYRWQ5[ÅZaVwvwJ/cÌYZ#]^QHQbV^[k`bc`b]^TWTSeguJJ=[jx]YZ[lJ#v¤jV?IÈ[EbJ\ZaVwvwJFg=e]Y`w[V?I]^[R_Z$[V=VYT_cÄr­[Å]^T_cV
cEHV?`HTWv+g;J\QHVY[J/v+[Eb]^[ÅtHjlVYXYjx]^IIJjxcRSQZaVYII`HQHRS[RWJ#c ¶ EHJ#jJ!]YvµmnV?RSQ5[lcÅ]^jlJ ¶ RWvwJ#TSe+`bcJ#v]?vwEHJjlJF[V
ZJj[l]YRSQ}ZVwvwRSQbXZaV?Q=YJQ5[lRSV?QbcÌ ¶ EHR_ZxE]YjJQHV^[PeYJa[JawtHTWVYRS[J/vÐg=e½]^`w[lVYI][lRWZvwRS;J#jJ#Q?[lRW]^[RWVYQÐ[lV=VYT_cÄ
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Ù!QP[lEHJ9V^[lEHJjEb]^Quv"Ì/p!vHJYJ#TSV?tuJ#jlcEu]µYJkcn[l`bvwRWJ#vUQbJ ¶ [jx]YvwJÏVYguJ[ ¶ J#JQUIJIV?jeP]^QbvPJawJ/Za`w[lRSV?Q
[lRSIJUjlJ#h5`HRWjJ#IJQ5[lc ¶ EHR_ZxE·I]µeg;JU`bcJ#v[VEHJ#TStÐ]?vµmnVYRWQ5[\vwJ?JTWVYt;JjxcÄ
DFEHJPtHjx]YZa[R_Z]^TuÎ=QHV ¶ TSJ/vwXYJVYvwR_cZjJ[J\]?vµmnVYRWQ5[CvwJ#YJ#TSV?tuJ#jlc$]YvHvwJ/v[V[EHJ![J/ZxEHQHR_Z]YTbÎ=QHV ¶ TWJ#vwX?J
VYp!yvwJ#YJTWVYt;JjxcCI]µeTSJ/]Yv([VXYjlJ#]^[RSItHjlVYJ#I+J#Q5[lcCRSQ[EbJ[ ¶ V]^tbtHjV5]YZxEHJ/cÄ
r QÐ[lEHR_c!vwVwZ`HIJQ5[#Ì ¶ JcfEHV ¶ vwRS;J#jJ#Q5[!jlJ#cJ#]^jxZxE·vwRSjlJ#Za[RWVYQbc[Eb]^[!]^RWI][\I]YÎ5RWQHX[lEHJ  

% V^+]^`w[lVYI][lRWZvwRS;J#jJ#Q?[lRW]^[RWVYQ ]^tHtHTWR_Z]^gbTSJ}[VjJ/]^TWTSeT_]^jlXYJZaVwvwJ#c#Ä DFEHR_cÐvwVwZa`HIJ#Q?[·R_c%]
ZVYItHRWTW]^[RWVYQV^Ja=[lJQbvwJ/v]^gbcf[jx]YZa[lc-tHjlJ#cJQ5[lJ#v][9[lEHJ\]Y`w[V?I]^[R_ZvwRS;J#jJ#Q?[lRW]^[RWVYQcJ#clcfRWVYQ+JQ5[RS[TWJ#v
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 ! '()2"  $' 5+#"-#!$$" aÌ ¶ EbRWZxE ¶ ]Yc²EHJT_v ¶ R[lEHRWQU[EHJ
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 3 453#"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 !58#+#: ! EHJ#TWvRWQ ikjx]^X?`HJ°ÀÏÁ$ÂJ/ZxE¼sJa
tb`HgHTWRWZ/ÃCRSQÐp`bXY`bcf[#?YHÄ
9]?ZxE}tb]YtuJ#j!J#ItHEb]YcRWÂJ#cP](vHRJjlJQ5[U]YctuJ/Z[!VY$Za`bjjlJQ5[!jlJ#cJ#]YjlZxEÐ]?Z[RW=R[lRSJ/cÄUDFEHJ[EbjJ#J bjxcn[
ZVYQ5[jlRWgH`w[RWVYQuc!]YjJtH`HjlJTWe·vHJ#vwR_Z]^[J#v½[V[EHJ+jlJYJ#jlcJIVwvwJ]^QbvcfEHV ¶ cVYIJjJ/cfJ/]^jxZxE½vwRSjlJ#Za[RWVYQbc
RWQ%[EHR_c bJ#TWv"Ê
©=d¾Å u£1ª;/£1ª ± DFEHR_cPI+J[EHVwv}TSJ/]YvHc\[V·]^QVYtw[lRSI]^T[ljl]?vwJa­V^guJ[ ¶ J#JQcf[V?jl]YXYJ]YQbv½jlJ#ZVYItH`w[l]^[RWVYQ¦V^\[lEHJ·]^jlRW]YgHTSJ/c+I+VwvwR bJ/v ¶ RS[EHRWQ]TWV=VYtdÄ¦DFEHJ·jJ#TW]^[J/vJa=[lJQbvwJ/v]Ygbcf[jx]YZ[ÐÀ1cJJ
ZaV?Q?[ljRWgH`w[lRSV?Q½tb]YXYJ}5ÃcEHV ¶ ccVYIJ½jlJ#c`HT[xcV?gw[l]YRSQHJ/v ¶ R[lE¼[EbJvwR_cZjJ[J}]?vµmnVYRWQ5[VYU]
IJa[J#VYjlVYTWVYX?RWZ#]^TZaVwvwJZ]YTSTWJ#v·Æ·J/cfVY­~
	 ]Y`w[V?I][R_Z]YTSTWeXYJ#QHJjx][lJ#v"Ä
¾  ± b¡ uª²H¿¤Öd#£¤ o=VYIJtbjV?XYjx]^I ]^Qb]YTSewcRWc\I+J[EHVwvHcZ#]^Q½g;J+]YtHtHTWRSJ/v ¶ RS[EHRWQ]Y`w[V?I][R_ZvHR¨¤JjlJQ5[R_][lRSV?Q([ljl]YQbcTW]^[VYjxc$[VVYtH[RWI+RWÂJ[lEHJUXYJ#QHJjx][lJ#v%ZaVwvwJ?Ä9qHVYjJH]^ItHTWJ![lEHJ]^jljx]µe+jlJX?RSV?Q
]^Qb]YTSewcRWc\À1cJJ\ZVYQ5[jlRSgb`w[RWVYQ tb]YXYJUµ|YÃ-Z]YQguJ!]^tHtHTWRWJ#v+[VvwRSIRWQHR_cfE[lEHJ!]YI+V?`HQ5[9V^dcf[VYjx]^X?J
QHJ#ZJ#clc]YjeRWQ·jJ#YJ#jlcJ\IVwvwJYÄ
¾wH¿¤¿1©5¿1£Yw/£¤ ª o=RWQbZJÐjJ/]^TF]^tHtHTWR_Z][lRSV?Qbc+V^]YvµmnV?RSQ5[IV=vHJT_cjJ/h?`bRSjlJ%]TWV^[V^ZaVYItH`H[l][lRSV?Qb]^T
tuV ¶ Jj]^QuvÐIJIVYjleYÌ;RSQ}[EHJ+tb]?cn[!¤J ¶ e?J#]^jxcI]YQ5e·IVwvwJT_c!Eb]µYJg;JJ#QvwJ#YJ#TSV?tuJ/v·¤VYjvwR_cn
[jlRSgb`w[J/vÐIJIVYjletu]^jx]^TWTSJ#T²ZaV?I+tb`w[J#jlc#Ä\pQ}JaH]^ItHTWJV^Å]Y`w[V?I][R_ZUX?JQHJ#jl]^[RWVYQ·V^9]YvmnVYRWQ?[
ZaVwvwJ¤jlVYI]YQV?tuJ#jl]^[RWVYQb]YTtb]^jx]^TWTSJ#TI+VwvwJ#TdR_ccfEbV ¶ Q(RWQ·ZVYQ5[jlRWgH`w[RWVYQ+tb]^X?JK^{HÄ
DFEHJ[EHjlJJV^[EbJj!ZVYQ5[jlRWgH`w[RWVYQuccfEbV ¶ EbV ¶ [lEHJvHRSjlJ#Za[!]^Qbv·jlJ?JjxcfJUIVwvwJ/cV^9vwRSJjlJQ5[R_][lRSV?Q
Z#]^Q+guJIRSwJ#v[VXYJ[9IVYjlJCJZaRWJQ5[9ZaVwvwJ#c#ÌYV?jkZ]^Qg;JZaV?IgHRWQHJ#v[VX?Ja[ÅcJ#ZaV?QbvVYjxvwJjkvwJ#jRW][RWYJ/cÊ
Y u/a×xY ª;#µÖ¦©=¿¤£1¡¢£ñª²w/£¤ ª DFEHR_cÅ]^tbtHjV5]YZxE+RWc9RSQ5[J#QbvwJ/v[VX?JQHJ#jl]YTSRWÂJC[lEHJ\ZxEb]YRSQjl`HTWJguJ#eYVYQuv
[EHJtH`HjlJ¤VYj ¶ ]^jxvV?jjlJYJ#jlcJIV=vHJ#cVY\]^`w[lVYI][lRWZvHRJjlJQ5[R_][lRSV?QdÄ½DFEHJjlJT_][lJ#v°ZVYQ5[jlR
gH`w[lRSV?Q ÀñcfJ#J½ZaV?Q?[ljRWgH`w[lRSV?Q°tu]^XYJ·ÒwÓ^Ã+cfEbV ¶ c+[EHJÐI]^RWQ¦[EHJ#VYjlJa[lRWZ#]^T]Yct;J#Z[xcV^Ucf`uZxE¦]YQ
]^tHtbTSR_Z]^[RWVYQ%V^[EHJZxEb]YRSQ%jl`HTSJ?Ä
£¤©5w²£¤?H¿\b¾¾ uH DFEbRWcIJa[EbV=vHVYTWVYXYeR_cgb]?cfJ/v¢VYQ°[lEHJ%RWvwJ/]Ð[lEb][[EHJ·]YclcfVwZRW]^[RW5RS[ne}VY
[EHJZxEb]^RWQjl`HTWJ½]^TWTSV ¶ cvHJjlRS][lRS?J·tHjV?tb]^X5][lRSV?Q[V°g;J½t;Jj¤VYjlIJ#v][(]YjgHRS[jx]^jle°TWJYJ#TWcVY
]^gbcf[jx]YZa[RWVYQbc#Ä}DFEHJ·ZaV?jjlJ#ct;VYQbvwRWQHX½ZVYQ5[jlRSgb`w[RWVYQ ÀñcfJ#J%ZVYQ5[jlRSgb`w[RWVYQ½tb]^X?J({Y5ÃUtHjlJ#cJQ5[lc
VYQHJRWItHTSJ#IJQ5[l]^[RWVYQ·V^[EHR_cFQHJ ¶ [lJ#ZxEHQHV?TSV?XYegb]?cfJ/v(V?Q([lEHJprnqRSQ5[lJjlQb]^T"jlJtHjlJ#cJQ5[x][RWVYQ²Ä
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[R_Z]YTSTWe]?vµmnVYRWQ5[ÅZaVwvwJ/ckEb]µ=RSQbX
guJ#JQ(]?ZxEHRWJYJ/v"Ì^[lEHJ\X?V?]YTHV^"XYJ[f[lRSQHXcfJ/ZaVYQuvVYjxvwJjÅvHJjlRS][lRS?J#c9Z#]^Qg;J!]?vHvwjlJ#clcfJ/v"Ä-Ù!QHJ ¶ ]µe
V^XYJa[[RWQHXcfJ/ZaV?QbvV?jlvwJ#jCvHJjlRS][lRS?J#cCV^-]clZ]YTW]YjÅ¤`bQbZ[lRSV?Q%R_c$[V]^tbtHTSe¤VYj ¶ ]YjlvvHRJjlJQ5[R_]
[RWVYQ%[V]YQ·]?vµmnVYRWQ5[ZaVwvwJÀ1cJJZVYQ5[jlRSgb`w[RWVYQ+tb]^X?JP{b/ÃÄ
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ikjVYmnJa[rnUÙPi9DÌ
|HPjl`HJUvwJ/cFI]^[EHO#I][R_h5`HJ#c#ÌFi¼|^{bÌ
q {YYÒbMPjJ#QHVYgHTWJÁ$J#vwJHÄ
DFEHJ·IJ#cV?clZ]YTSJIJa[J#VYjlVYTWVYX?RWZ#]^TÅIVwvwJ#TÆÐJ#cV^ ~ 	 RWc]YgHTSJ[V¢cRSI`HTW]^[J·][lI+V5cftbEHJjlRWZJ?JQ5[lc
jx]^QbXYRWQHX¤jlVYI
IJ#cV?clZ]YTSJvwV ¶ Q [lV¦IR_ZajlV^ cZ#]^TWJYÄ¬DFEHJ°Æ·J#cÙP!RWq¬tu]YZxÎ]^X?J ¶ ]YcXYJQbJjx][J/v[V
ZVYItHTWJa[lJ\Æ·J#cV^ ~ 	 ¶ RS[Eg;V^[lE]P[l]YQHXYJ#Q?[9TWRWQHJ#]YjÅZaVwvwJ]YQbv]^Q]YvmnVYRWQ?[ÅZVwvwJYÄkDFEHJvwRSJjlJQ5[R_][lRSV?Q
¶ VYjlÎÌ?jlJ#]YTSRWÂJ/v ¶ RS[E%jJ/cft;J#Za[$[lV[lEHJUcn[x][lJP]YjR_]^gHTWJ#c#Ì5RWcvwV?QHJPVYQ[lEHJU]YvwR_]^gu][R_Z!tb]^j[CVYd[EbJZVwvwJYÌ
tbE5ewcRWZ#]^Tutb]^jx]^IJa[lJjlRSÂ/][lRSV?Qbck]^jlJQHVY[$eYJ[Å[x]^ÎYJ#QRSQ5[lV]YZ#ZaV?`HQ5[#Ä-DFEHJ\TWRSQbJ#]^jlRWÂJ#vZVwvwJ#cC]^jlJJZRSJ#Q?[
RWQ%[J#jI VY[lRSIJ]YQbv(IJ#I+V?jeZaVYQucf`HItw[lRSV?Qbc#Ä
  ·9
ÆÐJ#cV^ cZ#]^TWJI+VwvwJ#TWc]YjJ(vHJ#cRSX?QHJ#v¢[lVZ#]^tw[l`HjlJ(IJ#cV?clZ]YTSJtbEHJQHV?IJQb] ¶ R[lEctb][lRW]YT$clZ]^TWJ#cV^\]
¤J ¶ Î=RWTSV?IJa[J#jlc]^Qbv[RWIJ(clZ]^TWJ#cVY]%¤J ¶ I+RWQ=`w[J/cÄ·qHV?jJaH]YI+tbTSJ[lEHJ#cJIV=vHJT_c1]YZRSTWR[x][lJ[EHJ
cf[`uvweVYPE=`HjljR_Z]YQHJ#c#Ì$[E=`HQbvwJ#jlcf[V?jIc]YQbv[VYjlQb]?vwV=J#c#ÌC]YQbv¦`Hjgu]^Q]^RWjtuV?TSTW`w[lRSV?Q¦J#YJ#Q?[xc ¶ EHJ#Q
ZVY`HtbTSJ/v ¶ RS[E]^[IV?ctHEHJ#jR_ZFZxEHJIR_cn[ljeIVwvwJ#TWc#Ä9o5[`bvHRSJ/c9cf`uZxE]?ckcfJ#QbcR[lRS=RS[ne]^Qu]^TWe=cR_cÌ^Z#]^TWRSgHjx][lRSV?Q
VYÅ]IVwvwJTÏÌVYj!µ]YjR_][lRSV?Qb]^TvH][x](]YclcRSIRWTW]^[RWVYQÐI]µejlJ#h5`HRWjlJcfV?IJXYjx]YvHRSJ#Q?[xcZaV?ItH`w[l]^[RWVYQbc#Ì;[EHJ
jlJ#]?vwJj\RWc!jJ¤JjljJ/v[V(tu]^t;Jjxc  {?k]^Qbv {?|ÏÄ\~\V ¶ ]?vH]µewcC[EHJ/cfJ+]^tHtbTSR_Z]^[RWVYQbc!]^jlJ][f[x]^RWQb]^gbTSJ ¶ RS[E
[lEHJÆ·J/cfVY­~
	 IVwvwJ#T9À  {^Ò ­Ì  {5Ó¤Ã$[EbjV?`HXYE([EHJU`bcJUV^[EHJÆÐJ#cÙP\R_qTWRSgbjl]Yje½À S ¨ÃaÄ
DFEHJÆ·J#cÙP!RWqtb]YZxÎ]YXYJZaV?Q5[l]^RWQbc9[EHJÆ·J#cV^ ~ 	¼IVwvwJ#TÀ¤?JjxcfRWVYQ(KHÄ Ò=ÃÌ5]^Qbvg;V^[lE[EbJ[l]YQHXYJ#Q?[
TWRWQHJ#]YjZVwvwJ+]YQbv}[EHJ]YvmnVYRWQ?[UZaVwvwJ+V^$[EHJ]?vwRW]Ygb][lRWZtb]Yjf[V^9[lEHJIV=vHJTÏÄ+ikE=ewcRWZ#]^T-tb]^jx]^IJ[JjlRS
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Â/][lRSV?QbcÌ=[lEb][]YjJUvwR_cZVYQ5[RWQ=`HVY`ucÌw]^jlJQHV^[e?Ja[RWQbZaTW`bvwJ/v"Ä9DFEHJ]^`H[VYI]^[R_ZPvHRJjlJQ5[R_][lVYj\ÙPvwewclcfO#JW#9RWcPJItHTWVeYJ/vÐ[lV%t;Jj¤VYjlI [EbJ+TWRWQHJ#]YjRWÂ#]^[RWVYQ ¶ VYjlÎÐRSQVYjxvwJ#j\[lV·]µ?VYR_v·[EbJ[lJ#vwRWVY`ucP]YQbvJjljV?j
tbjV?QHJ[x]YcÎ%VY$vwRS;J#jJ#Q5[R_][RWVYQ²ÄPiV?cf[f­tHjlVwZaJ#clcRSQHXcn[lJtbcPvwJ#clZajlRWguJ/v½RWQ W/K ­Ì S? 9]^jlJU[EbJQ}`ucfJ/vÐ[V
RWItHjlVYJ![EHJUt;Jj¤VYjlI]^QbZJ#cCV^[EHJU]?vµmnVYRWQ5[\ZaVwvwJYÄ
DFEHJPT_]µeYVY`H[$V^²[EHR_cCtb]^t;JjCRWc$[lEHJ\¤V?TSTWV ¶ RWQHXbÄ-p cfRWItHTSR bJ/vXYJ#VYtHE=ewcRWZ#]^TbJ/h5`b][lRSV?Qbc$cewcn[lJI¬]^Quv
RS[lc!]YvµmnV?RSQ5[\cewcn[lJI ]^jlJvwJ#clZajlRSg;J#v·RWQ}o=J/Z[RWVYQ}KHÄFowJ#Z[lRSV?Q½{gHjlRSJ be%vHJ#clZajlRSg;J#cF[lEHJvwRSJjlJQ5[R_][lRSV?Q
¶ VYjlÎ ¶ EHJjlJ#]?co=J#Za[RWVYQ%Ò+tbjJ/cfJ#Q?[xc$[EHJIV?cf[RSQ5[J#jJ/cn[lRSQbX+RWItHjlVYJIJ#Q?[xcÅjlJ#]YTSRWÂJ/v¤V?jF[EHJU]YvmnVYRWQ?[
ZVwvwJYÄk~`bI+J#jR_Z]YTdjlJ#c`HT[xc]^jlJPvHRWctHT_]µeYJ#vRWQ·o=J/Z[lRSV?QÐ|+]YQbvÐo=J#Za[RWVYQ·+ZVYQbZTS`uvwJ#cFV?Q([lEHJU`bcl]^gHRWTSRS[ne
VY²[lEHJÆ·J#cÙP!RWqtb]YZxÎ]^X?JYÄ
    	%  $ %	-a
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[RWVYQucÅg;J#ZVYIJ!]YQRSIt;VYj[l]^Q5[$[V=VYT;RSQ%cZRSJ#Q5[R uZ\ZVYItH`w[lRSQHXuÌY[lEHR_c$R_c$J#ctuJ/ZaR_]^TWTSe
[lj`bJ¤VYjX?JVYtbE5ewcRWZ#]^Td]YtHtHTWRWZ#][RWVYQuc ¶ EHJjlJcfJ#QbcR[lRS=RS[ne]^Qu]^TWe=cJ#cFV?j]^jlRW]^[RWVYQb]YTdvH][x]]YclcfRWIRST_][lRSV?Q
[lJ#ZxEHQbRWh5`HJ/c]YTSTWV ¶ ¤VYj%IV=vHJTPµ]YTSR_vH]^[RWVYQbc#Ì\R_vwJQ5[lR uZ#][lRSV?Qbc(VYtb]^jx]^IJ[Jjxc#Ì¤VYjlJ#Z#]Ycf[RWQHXJawt;JjlR
IJ#Q?[xcÌWÄWÄSÄ
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 ¼EbJQcf[`uvwe=RSQHX[EbJ+]^[IV?ctHEHJ#jR_ZZaRWjxZa`HT_][lRSV?QdÌ;[EHJ+I]^RWQ}XYV5]^T²[V·]YZxEHRWJ?JEb]Yc]YT ¶ ]µewcguJ#JQ[EHJ
¶ J#]^[EHJ#jd¤V?jJ/Z]Ycf[RWQHXuÊ;V?QHJ$]YRSIc²[V!tHjJ/vwR_Z[²[lEHJ$cf[l]^[J$V^w[EbJ$][lIV?ctHEHJjlJÅ]^¨[Jj[RWIJÄdr QVYjxvwJ#jd[V
g;JF]^gHTWJ9[lV\¤V?jJ/Z]Ycf[#ÌµV?QHJÅEb]?c[V ¶ VYjlÎ ¶ R[lE]\XYV=VwvQ=`HIJjlRWZ#]^T?I+J[J#VYjlVYTWVYXYR_Z]YTYIVwvwJTw]YQbv[VPÎ=QHV ¶
]fXYV=Vwv ³ ]^tHtHjlVµwRSI]^[RWVYQV^F[EHJcn[x][JVYF[EHJ(]^[IV?ctHEHJ#jJ]^[[RWIJÄDFEbJ(vH][x]Ð]YclcfRWIRST_][lRSV?Q
IJ[EHVwvÐtHjlVYt;V?cJ#v·g=e·qCÄ ÄÉdJ+\RWIJa[U]^Qbv}ÙÄD]YTW]YXYjx]^Qbv  {?| kcVYTWYJ#c[EHJ¤VYjlJ#Z]?cn[lRSQbXtHjlVYgHTWJI
]?cC¤VYTWTSV ¶ c#Ä
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HRSQ5[lJjlµ]YTHV^;[RWIJ]^Qbv [EbJcn[x][J
]YjR_]^gHTWJg;JTWVYQHX?RSQbXU[V[EHJ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 	 YDFEHJ
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YJ#jQHRWQHXJ#h5`b]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[l]+RWQ  bÌ  ­Ä
qRWQbvQ ? cf`bZxE[Eu][ e.L 9  ? : 5  ÀñKwÄ {?Ã
"%$÷"'&
 
	 		 !"#$%'&()	* ?
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[lRSV?Qb]^T$tuV?RSQ5[V^=RSJ ¶ Ì-[EHJ%]YvµmnV?RSQ5[ZaVwvwJ(R_cRSQ5[J#XYjx][lJ#vgb]YZxÎ ¶ ]^jxvRSQ°[lRSIJ
]YTSV?QHXU]P[jx]mnJ/Z[V?je ¶ EbRWZxER_c-¤VYjlIJ#v+V^"]^TWTw[lEHJ]^TW`HJ#c9V^[EHJ]YjR_]^gHTWJ#c-VY[EHJvwRWjlJ#Z[CZaVwvwJYÄ 	J#QbZaJ
] bjxcn[Fj`bQ(V^²[EHJvwRWjJ/Z[ZaVwvwJ![Eb]^[FJ#Qb]^gbTSJ/c9[lV+c`HtHtHTWe][jx]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[lEHJ!cf[l]^[J\]YjR_]^gHTWJ#cÅRSQuZaTW`bvwRWQHX+{ ¶ RSQuvYJ#TSVwZaRS[neZaV?I
t;VYQbJQ5[lc#ÌvwjetuVY[J#Q?[lRW]YT[lJItuJ#jl]^[`HjlJYÌC[l`Hjgb`HTSJ#Q5[Î5RWQHJ[R_ZÐJQHJ#jX?eYÌFIRwRWQHX°jx][RWV?cVY ¶ ]^[Jj/Ì#"
tu]YclcfRWYJcVY`bjlZJU[J#jIc#Ìd]^Qbv·[lEHJ+tHjJ/cc`HjlJYÄDFEHJIVwvwJ#TR_cPJ]^TW`b]^[J#v½`bcfRWQHXJawtHTWRWZR[ bQHRS[JvwRS;J#jf
J#QbZaJ/ccZxEbJIJ#cFRWQ·guVY[E%[RWIJ]^Qbv%cftu]YZaJ?Ä JZxEHV=V5cfJ%[VvwRJjlJQ5[lRW]^[J·[EbJZaVwvwJ ¶ RS[E [EHJ}]Y`w[V?I][R_Z%[V=V?TPÙPvwewccOJW#!g;J#Z]Y`bcJ½R[
J#Qb]^gbTSJ/c\`bc\[V%XYJ#QHJjx][lJU[EbJ+]?vµmnVYRWQ5[cVY`HjxZaJZaVwvwJVY$]¤V?jf[ljl]YQ}cVY`HjxZaJZVwvwJYÌ;[EbJ+vwRSJjlJQ5[R_][lRSV?Q
¶ VYjlÎPRWcvwJ#clZajlRWguJ/vRWQ SµK ­Ä 	\V ¶ J#YJj²[EHJFcRSÂ#JÅV^w[lEHJCJawJ#Z`w[l]YgHTSJ bTWJ$VYH[EHJF]YvmnVYRWQ?[-ZaVwvwJ$XYJQbJjx][J/v
g=eÙPvwewclcfO#J9RWccVYIJa[lRSIJ#ccVTW]YjX?Jk[Eu][-R[-Z]^QbQHV^[guJCj`bQdÄDFEHR_ctHjV?gHTWJI RWcJ#clcJQ5[R_]^TWTSevw`HJÅ[V![EHJ
I]YQb]^X?JIJQ5[VYH[EbJ$[ljl]^mnJ#Za[VYjle ¶ EHRWZxE+R_cTWVwZ]YTSTWeUZaVYItH`H[J#v+]^Quvcl]µYJ#vRSQRSQ5[J#jIJ/vwRW]^[JC]^jlRW]YgHTSJ/cÄ
r Q·V?jlvwJ#jC[VRSItHjlVYJ![EbJZaVwvwJ#cFX?JQHJ#jl]^[J/v(g=e%ÙPvwewclcfO#J!V?QHJUtHjlVwZaJJ/vHc$[VcJ?Jjx]^TZxEb]^QHX?J#c#Ê
vwJa[lJ#Z[lRSV?QV^[EbJ\TWRSQHJ/]^j9tu]^j[lckVY;[lEHJ\vwRWjlJ#Z[CZaVwvwJYÌY[EHR_c9jlJ#vH`bZaJ/ck[EbJ\]^IVY`bQ?[9VYdcn[lVYjx]^XYJFjlJ#h5`HRWjJ/v
¤V?jF[EHJ[ljl]^mnJ#Za[VYjle%$
cn[lVYjx]^XYJFVY;[ljl]^mnJ#Za[VYjlRWJ#c-VYQ bTWJ#c#ÄkDFEHR_c9]^TWTSV ¶ ck[V]µYV?RWv[lEHJjlJ#vw`HQuvH]^Q5[ÅZaV?ItH`w[l]^[RWVYQbc9XYJQbJjx][J/v
g=e[lEHJ]^`H[VYI]^[R_ZPvHRJjlJQ5[R_][lVYj/Ä
r QV?jlvHJj-[VJ#]YcRWTSeI]YRSQ5[x]^RWQ[EHJÆ·J#cÙP\R_qtb]YZxÎ]^X?JYÌ ¶ J\vwJ/ZaR_vwJ[lVI]^Qb]YXYJ]UvwRWjJ/Z['&/[l]YQHXYJ#Q5[
ZVwvwJU]YZZVYjxvwRWQHX[lV+[EHjlJJ]YjX?`HIJQ5[lc#Ê
VYQHTWe(cf[l]^[JU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 ¼EbJQ¦[EHJ%[ljl]^mnJ#Z[lVYjle°VwZZa`btHRSJ/c][V=V¢TW]YjX?J]^IV?`HQ5[VY!IJIV?je?Ì$]¢cfV?TS`H[RWVYQ¦TSRWJ#cV?Q[lEHJÐRSI+
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 K?| ÏÄr Q[lEb][Z#]YcJ
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Z#]^T_Za`HT_][lRSV?Q(VYVYQbJPX?jl]?vwRWJQ5[ ¶ RS[E%[lEHJ]YvµmnV?RSQ5[ZaVwvwJ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Z#]Ycf[kJawtuJ#jRWIJQ5[lc-]YQbvtu]^jx]^IJa[lJjxcR_vwJ#Q?[lR ;Z]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mnJ/Z[lVYjleURWckJ#Q5[RWjJ#TSecf[V?jJ/v
RWQ°IJIVYjleYÄÙ\[lEHJj ¶ R_cfJ?ÌZxEHJ/ZxÎ5Ït;VYRWQ5[lcU]^TWXYV?jRS[EbIc]^jlJ`bcJ#v°]^Quv°cfRWI`HT_][lRSV?Qbc ¶ RS[E]½tHE=e=cR_Z]^T
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[RWVYQZVYItH`w[lJ#v ¶ R[lE[EbJ%D ¶ R¨Á$J
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DFEHJÐZVYItH`w[x][RWVYQ¦V^vwJjlRWµ]^[RWYJ/cg=e]Y`w[V?I][R_Z%vwRJjlJQ5[lRW]^[RWVYQ¦RSQ¦jJ#YJ#jlcJ(IVwvwJ·jJ/h5`HRSjlJ#c
cf[V?jl]YXYJ-VYjjJ/ZaV?I+tb`w[l]^[RWVYQP[V[ljl]YQbctuV5cfJ-[lEHJ$ZVYItH`w[x][RWVYQu]^T^X?jl]YtHEdÄÙ!QHJÅV^w[EbJ9IJa[EbV=vbcZVYQbcRWcf[lc
RWQcf[VYjlRWQHXÐ]^TWT9[EbJIV=vHR bJ/v¢]^jlRW]YgHTSJ/cÄ 	V ¶ J?Jj/Ìd[EbRWcI+J[EHVwv¢R_cZaV5cn[lTSeRWQ¢[JjlIcUV^IJIV?je
jlJ#h5`HRWjlJIJQ5[#ÄpQJ5[ljl]PÎ=QHV ¶ TWJ#vwX?JFVYQ+[EHJ!ZaVwvwJYÌY¤VYj9RWQbcf[l]YQbZaJ]X?RS?JQTSV=V?tR_c9tb]Yjl]YTSTWJTÏÌ^I]µeTWJ#]?v
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]YjR_]^gHTWJ#c#ÄUDFEHJ+tHjV?XYjx]^I ]^Qb]YTSewcRWc!]^tHt;J#]Yjlc!TWRSÎ?J+] ¶ ]µe
¤V?j]^`w[lVYI][lRWZ#]^TWTSeX?JQHJ#jl]^[RWQHX+I+V?jJJZRSJ#Q5[\ZaVwvwJYÄ
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[J#IJQ5[lcVYjtHjVwZJ#vw`HjlJ#c#Ä C`w[/Ìk[EbRWc
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[lJ#v[VJ#]YZxE¢t;V^[lJQ5[R_]^T
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pvmnVYRWQ?[IVwvwJT_c]^jlJ%`bcfJ/vRWQI]YQ=e bJT_vHcV^cZRSJ#QbZaJ·c`bZxE¦]?c+I+J[J#VYjlVYTWVYXYe¢V?j+VwZJ#]^QbVYXYjx]^tbE5e?Ä
Ù!tH[RWI+RWÂRWQHX(]IVwvwJ#T²RWQ½VYjxvwJjF[lV H[ZaVYQucfR_cn[lJQ5[IVwvwJTtHjJ/vwR_Z[RWVYQ½]YQbvÐo=JQucfRS[RW=R[ne·]^Qb]YTSewcRWc\]^jlJ
[ ¶ V\JH]^ItHTWJ#cV^u]YtHtHTWRWZ#][RWVYQuc²VYu]YvµmnV?RSQ5[-IV=vHJT_cÄp\c-vwR_cZ`bccJ#vRSQ K?K ­ÌR ¶ JCZaVYQucfR_vwJj-]!tHE=e=cR_Z]^T
IVwvwJ#TñÌHRS[lc]?vµmnVYRWQ5[IV=vHJTdZ]YQg;JZaV?Qbcf[jl`bZ[lJ#v(¤jV?I%Ê
Ë DFEHJ]^Qu]^TWe?[lRWZ#]^TJ#h5`b]^[RWVYQbcFg=e`ucfRWQHX]^Qb]YTSe5[lRWZ#]^Td]YvmnVYRWQ?[V?tuJ#jl]^[VYjxc#Ì
Ë DFEHJUvwR_cZjJ[JPI+VwvwJ#T"J#h5`b]^[RWVYQbcCg=e`bcRSQHXÉ]^XYjx]^QbXYJ\qb`HQbZ[lRSV?Q%]YQbv 9`HTSJ#jf É²]YXYjx]^QHX?JVYt;Jjx][V?jlc#Ì
Ë DFEHJQ=`HIJjlR_Z]^T²tHjV?XYjx]^I VY-[EHJI+VwvwJ#TvwJ#YJ#TSV?tuJ/v·RSQ½]tHjlVYX?jl]YII+RWQHXT_]^QHX?`b]^X?JUg5e`bcRSQHXp`w[lVYI][lRWZU!RS;J#jJ#Q?[lRW]^[RWVYQ¢À1p!PÃaÄ
r QcfEHV?jf[/Ìup! R_cP]cfV?TS`H[RWVYQÐ[lVXYJ[\1]Ycf[P]YQbvÐ]YZ#Za`Hjx][lJvwJ#jRW][RWYJ/cV^Å]¤`HQbZa[RWVYQ½jlJtHjlJ#cJQ5[lJ#vÐ]Yc
]tHjlVYX?jl]YI%ÄDFEHJp\ [lJ#ZxEHQHR_h5`HJRWcPgb]?cfJ/vÐVYQ}[ ¶ V¤`HQbvb]^IJQ5[l]YT-tHjRWQbZRStHTWJ#c+ÊP]^Q=e·tHjV?XYjx]^I Z]YQ
g;JcfJ#JQ]?c!]ZaV?I+t;V?cRS[RWVYQ}VY9JTWJIJQ5[x]^jle¤`bQbZ[lRSV?Qbc]^QbvZ]^Q}[EHJ#Q}g;J+vHRJjlJQ5[R_][lJ#v}`bcfRWQHX[EHJ
ZxEu]^RWQjl`HTWJYÄkDFEHJjlJU]^jlJ IVwvwJ/cFV^kp\ÌHguVY[E·Eb]µ=RWQHXtHjJ/vwR_Z[l]YgHTWJZVYItHTWJawRS[ne;Ê
YÄDFEHJ¤V?j ¶ ]^jxvIV=vHJ(RWQ ¶ EHR_ZxE°[EHJRSQ5[lJjlI+J/vwR_][JvwJjlRS]^[RWYJ#c]^jlJZaV?I+tb`w[J/v°RSQ[EHJ·c]YIJ
VYjxvwJj]?cC[EHJUtHjlVYX?jl]YI ZaV?I+tb`w[J/cC[EHJZVYItuV5cfRS[RWVYQ²Ä
KwÄDFEHJjJ#YJ#jlcJIVwvwJRWQ ¶ EHRWZxE}[EHJ+RWQ?[lJjlIJ#vwR_][lJ+vwJ#jRW][lRS?J#cP]^jlJZaV?ItH`w[J/v}RWQ½[lEHJjJ#YJ#jlcJ
VYjxvwJj/ÄkDFEHJjJ#YJ#jlcJ\IVwvwJRWcFV?tw[RWI]^T¤V?jFZVYItH`w[lRSQbX+X?jl]?vwRWJQ5[lcCg;J#Z]Y`bcJ!RS[lcZVYItHTWJawRS[neRWc
RSQuvwJt;JQbvHJQ5[¤jlVYI¬[lEHJUQ=`HIg;JjVYRWQHtH`w[]YjR_]^gHTWJ#c áK?Ó­Ä
o=`btHtuV5cfJ!]tHE=e=cR_Z]^TbtHEHJQbVYIJQHV?QRWckIVwvwJ#TSJ/vg5e+]Q=`HIJjlRWZ#]^TbZV=vHJRSQ]EHRWXYETWJ?JTHtHjlVYX?jl]YI+
IRWQHX·TW]YQHXY`u]^XYJ+cf`uZxE]?cPqbVYj[jx]^QVYjÁ!ÄdDFEHJ]YvµmnV?RSQ5[UIVwvwJTkR_cVYgw[x]^RWQHJ#v}g=e}vwRS;J#jJ#Q?[lRW]^[RWQHX%[EHJ
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[lEHJcf`HgbjV?`w[RWQHJZVYItH`w[lRSQbX([lEHJQbVYQ½TWRSQbJ#]^j![J#jIc!RSQ}[EHJvwe=Qb]YI+R_ZcPJ/h?`u][RWVYQucÌcfEbV ¶ c[lEb][P[EHJ
]?vµmnVYRWQ5[PZV=vHJXYJ#QHJjx][lJ#v·g=e}ÙPvwewccOJZaVYQ5[x]^RWQbc\]YTSIV?cf[P|[RWI+J/c\IV?jJTSRWQHJ#c\[Eu]^QÐ[lEHJQbVYQ½TWRSQbJ#]^j
c`HgHjlVY`H[RWQHJÀ1cJJ[x]^gHTWJUÒbÄ ?ÃaÄ$p IVYjlJvwJa[x]^RWTSJ/v%JaH]^IRWQb][lRSV?QVY[lEHJZaVwvwJcfEHV ¶ cC[lEb][RS[!ZVYQ5[l]YRSQbc
`bQHQHJ#ZJ#clc]YjeZVYItH`w[x][RWVYQuc]^Qbv%c]µ?J#cCI]^Q=e]^jlRW]YgHTWJ#c ¶ EHR_ZxE%]YjJQHVY[FjlJa­`bcJ#v(TW]^[JjRWQ[EHJUtHjlV^
X?jl]YI·Ä½r­[R_cQbJ#ZaJ/ccl]^jle½[lV}jlJIVYJ[lEHJ#cJ(TWRWQHJ#cI]^Q=`b]^TWTWeYÌ[EHR_c+]^TWI+V5cn[+jJ/vw`bZJ#cU[lEHJ(Q=`HIguJ#jVY
TWRWQHJ#c\g5e%]1]YZa[V?jV^-[ ¶ V]^Qbv·jlJ#vw`uZaJ#c[EHJ]YIVY`HQ5[\VYjlJ#h5`HRWjJ/v%I+J#IVYjle[V(TSJ/cc[Eb]YQ·[ ¶ RWZJU[EHJ
IJ#I+V?je`ucfJ/vRWQ%[EHJUQbVYQ%TSRWQHJ#]YjZaVwvwJ?Ä
C*§ UHFN]UWIMF LQD
p¨[J#jjJ#IV5RWQHX[EHJ/cfJTWRSQbJ#c]YQbv(RWQbcJj[RWQHX+[EHJ]?vµmnVYRWQ5[V^[EHJZVYII`HQbRWZ#][RWVYQ·]^Quv(TWRSgbjl]Yjec`Hgw
jlVY`H[RWQHJ#c#Ì5[EHJZaVwvwJZ]YQ(g;JP]YTSR_vH][lJ#v"ÄkDFEHJ![l]YQHXYJ#Q5[CTWRSQbJ#]^jCIVwvwJT"R_c$[J#cf[J/vg=eZaV?Itb]^jlRWcVYQ ¶ RS[E
] uQHR[lJvwRS;J#jJ#QbZaJZVYItH`w[x][RWVYQ`bcRWQHX[EHJQbVYQTSRWQHJ/]^j9IVwvwJTÏÄ-D]YgHTSJÒuÄáÓPcEHV ¶ c[lEb][k[lEHJF[l]YQHXYJ#Q?[
TWRWQHJ#]YjUI+VwvwJ#T9R_cZaV?jjlJ#Za[PX?RS?JQ[EHJtbjJ/ZaR_cfRWVYQV^$[EHJI]?ZxEHRSQbJYÄDFEHJ]?vµmnVYRWQ5[RWcU]YTSR_vH][lJ#v`bcRSQHX
[lEHJ¤VYTWTWV ¶ RSQHX+tHjlVYt;Jj[neÊ
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o=`bgHjV?`w[RWQHJ ~`HIguJ#jV^-TSRWQHJ#c
~\VYQ%TSRWQHJ#]Yj #{=Ó
É²RSQHJ/]^jUÀÏÙPvHe=clcOJ/Ã K^?
pvµmnV?RSQ5[ÀÏÙPvHe=clcOJ/Ã ?K?K
pvµmnV?RSQ5[ÀÏÙ!tH[RWI+RWÂJ/vbÃ {^Ò5
D]^gHTWJÒbÄ HÊÅÁ$VwvwJZaV?I+tbTSJ=RS[ne`bcRWQHX(ÙPvwewccOJPYJ#jlcRSV?Q}?Ä ¤VYjV?QHJUcf`bgHjV?`w[RWQHJ?Ä
¶ EbJjlJ ¦jlJtHjlJ#cJQ5[xcÅ[lEHJTWRSQbJ#]^jFIVwvwJT]^Qbv  d\[lEHJ]YvmnVYRWQ?[IVwvwJ#TñÄ9DFEHR_cF[lJ#cf[ ¶ ]?cZaVYjljlJ#Z[F`Ht%[V
[lEHJ#Ò^[lE(vwRWXYRS[F]^[Å[EbJ\jlJ#cVYTW`w[RWVYQVY²D?K ¶ RS[E·K^UTWJ?JT_cÅRWQ5[J#XYjx][J/vVYJ#j$]EHVY`Hjxc$tuJ#jRWVwv ¶ EHR_ZxE
R_cFRWQ·]YXYjlJJ#I+J#Q5[ ¶ RS[E%[EbJUtHjJ/ZaR_cfRWVYQ%V^[EHJZVYItH`w[lJj/Ä
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?Ä - H YÄ ?H/Y{YYÒ?b#^Ò=K5Ó
?Ä - Y{ YÄ  ?H#5|^{5K^Y?^{?Kw
?Ä - ?| YÄ   Yb#YÒb#YÒHµÓ
?Ä - 5Ó YÄ    HÓH/w/|^
?Ä - Y HÄ Y?Y?Y^Ò ?|YY{Y5|{5ÓYÓ
D]^gHTWJÒbÄ Ó=ÊkDJ#cf[V^²[lEHJUTWRSQHJ/]^jIVwvwJT$À1D?K KY?Ã ¶ R[lE½K^tHjVwZJ#clcfV?jlc#Ä
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Ñ cfRWQHX}ÙPvwewclcfO#J[lV ¶ jRS[J+[EbJ]YvµmnV?RSQ5[UV^F]·Q5`bI+J#jR_Z]YT ¶ J/][EbJj¤VYjlJ#Z#]Ycf[PIVwvwJ#TkRWcUQbV^[UeYJ[P¤`bTSTWe]Y`w[V?I][R_Z^Ä o=VYIJ}cf[J#tbc(Eu]µYJÐ[lVguJ¢Z]YjjlRWJ#v¦VY`w[%I]^Q=`b]^TWTWe¦c`bZxE ]Yc[EHJ¢vwJ/cZjRWtw[RWVYQ¼VYU[EHJ
ZVYII`bQHRWZ#][lRSV?Q¢c`HgHjlVY`H[RWQHJ¤VYj ¶ EHR_ZxE°[EHJ%cfewcf[J#I Z#]^QHQHVY[t;Jj¤VYjlI[lEHJvwJ#tuJ#QbvwJ#QbZae¢]^Qb]YTSewcRWc
]YQbv[lEHJ$jlJIV]^T5V^u`HQHQHJ/ZaJ#clcl]^jlePZVYItH`w[x][RWVYQuc]YQbvcl]µ5RWQHX!V^H]^jlRW]YgHTWJ#c#ÄqHV?j²[lEHJFZaVYItH`H[l][lRSV?Qb]^T
tu]^j[$V^²[EHJZaVwvwJ?ÌHÙPvHe=clcOJ!Z#]^Qt;Jj¤VYjlIÚ[EbJPvwJ#tuJ#QbvwJ#QbZae]YQb]^TWewcfR_c$]YQbvZ#]^Q(jlJTWR_]^gHTWejJ#YJjxcJ[EHJ
V?jlvHJjVYk[EHJTSRWQHJ#c!]^QbvÐ[jx]^QbctuV5cfJUJ/]YZxEÐTWRSQbJYÌ ¶ EHRWZxE]^jlJYJ#jeTSV?QHX(]^Quv·JjljV?jtHjlVYQHJU[x]YcÎwcÄr­[PRWc
RWQ5[J#jJ/cn[lRSQHX[VQbV^[J![Eu][ÙPvHe=clcOJX?JQHJ#jl]^[J#c$ZaV?jjlJ#Za[$Z]YTST_ck[lV[EbJP]?vµmnVYRWQ5[$V^"[lEHJZaVYII`HQHR_Z][lRSV?Q
]YQbvTSRWgHjx]^jlecf`HgbjV?`w[RWQHJ#c#ÌwVYQbTSe[lEHJ]YvmnVYRWQ?[\c`HgHjlVY`H[RWQHJ#cCEb]µ?J![lVguJUtHjlV=RWvHJ#v"Ä
DFEHJ%]YvµmnV?RSQ5[V?gw[l]YRSQbJ#v ¶ RS[EÙPvwewclcfO#JRWc+Za`HjljlJQ5[TWe}g;JRWQHX½`bcJ#v[lV½[lJ#cf[cfV?IJIRSQHRWIRSÂ/][lRSV?Q
]YTSX?VYjlR[lEHIc²RWQVYjxvwJj[lVPRWItHTWJIJQ5[9]!¤VY`Hj9vwRWIJQbcRWVYQb]YT5]YjR_][lRSV?Qb]^TwvH]^[l]P]YclcfRWIRST_][lRSV?Q]^TWXYV?jRS[EbI%Ä
DFEbJ\]YvµmnV?RSQ5[CV^[EHJ!tHE=ewcfR_ZcÅtb]YZxÎ]^X?J#ckVY[EHJ!I+VwvwJ#TuEu]Yck[lVg;J\RWQbZaTW`bvwJ/vRSQ[EHR_c$ZVwvwJYÌ=cfRWQbZJ[EHJ/cfJ
c`HgHjlVY`H[RWQHJ#c]^jlJTSV?QHX}]YQbv¢J?VYTWYJV^¨[lJQdÌ$ÙPvHe=clcOJ(cEHVY`bTWv¢gHjlRWQHX½J?JQIV?jJ[lVÐ[EbJ(tHjlVwZaJ#clcVY
vHJYJ#TSV?tHRWQHX]^Qbv[lJ#cf[RWQHXU[EbJRWj$]YvmnVYRWQ?[/Är Q[lEHJ!cl]^IJF[lRSIJYÌ=cf[jx][J#XYRWJ#c-¤V?jÅcf[VYjlRWQHXUVYj9jlJ#ZVYItH`w[lRSQbX
[lEHJ[ljl]^mnJ#Za[VYjle]^Qbv+[lEHJ!t;Jj¤VYjlI]^QbZJV^"[lEHJ\X?JQHJ#jl]^[J/vZaVwvwJ\V?Q(]Utb]Yjl]YTSTWJT;ZaV?I+tb`w[J#j$Eb]µ?J[VguJ
J#]^TW`b][lJ#v"Ä
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o=V?IJ+VY[EHJ#jP[V=VYT_cPI]µeÐg;J`bcJa¤`HT-¤V?j![lEHJvwJ?JTWVYtHIJ#Q?[V^Å[EHJ]YvmnVYRWQ?[V^CTW]YjX?JZV=vHJ#ccf`uZxE
]?c[lEHJ%tuV5ccRSgbRSTWR[ne¢[lVRWQbZTS`bvHJ%vwRSJjlJQ5[cf[jx][lJX?RSJ/cU¤VYjcl]µ=RSQHX}VYj+jJ/ZaVYItH`H[RWQHX½[lEHJ%[jx]mnJ#Za[V?je?Ì
jlJ#ZVYX?QHRSÂ#RSQbXTWRSQbJ#]^j!ZaVYItH`H[l][lRSV?QbcRWQ·[EHJXYJQbJjx][RWVYQ%V^-[lEHJ]YvmnVYRWQ?[\]YQbv[EHJjJ#I+V]YTdV^-`HQHQHJ/Z
J/ccl]^jleZVwvwJYÄ C`w[Å[lEHR_cÅJ=t;JjlRWI+J#Q5[CcEHV ¶ ck[lEb][$[EHJP]YvµmnV?RSQ5[$VY²]Utb]Yjl]YTSTWJT;ZaVwvwJ!Z#]^Qg;J!vwJ#YJ#TSV?tuJ/v
jlJT_][lRS?JTWeJ/]YcRSTWe¢`bcRSQHX}[EHJ%T_][J/cn[]^`w[lVYI][lRWZvwRS;J#jJ#Q?[lRW]^[RWVYQ[V=VYT_cÄ¢DFEHR_c]^TWTSV ¶ ccZRSJ#Q?[lRWcf[lc[V
JwtuJ#jRWIJQ5[ ¶ RS[E¦Ò?  -p\s]^TWXYVYjlRS[EHIc`bcfRWQHX}[EHJ%IV?cf[+t;V ¶ J#jf¤`bTCZVYItH`w[lJjxc]µ]^RWT_]^gHTWJ(]^Quv°[V
¤VwZ`bcFVYQ%[EbJURSIt;VYj[l]^Q5[]Yct;J#Z[xcFV^[EHJUtHjlVYgbTSJ#I jl]^[EHJ#jF[Eb]YQ ¶ jRS[RWQHX+[EHJ]?vµmnVYRWQ5[TSRWQHJUg=eTWRSQHJ?Ä
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Á$J#Q5[JjC¤V?j!MPTSV?gb]^TÁ$Eu]^QHX?JowZRSJ#QbZaJ
\J#tb]^j[IJ#Q?[VY 9]Yjf[lEdÌHpC[IV5cftHEbJjlRWZYÌH]^Qbv·ikT_]^QHJ[l]Yje(owZRSJ#QbZaJ/c
Æ½]Yclc]?ZxE5`ucfJ[f[lcCr Qbcf[RS[`H[JVYDJ#ZxEHQHV?TSV?XYe
ÁC]^IgHjR_vwX?JYÌHÆÐp ?KH#{?HÌ Ñ owpÄ
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ÆÐ]^5 ikT_]^QbZxÎ5­r Qbcf[RS[`w[FHj!ÆÐJa[J#VYjlVYTWVYX?RSJC`HQbvwJ/ccf[j/Ä9|Y|wÌbKH#Ò? 	!]^IgH`HjlXbÌHMPJjlI]^Q=e
pvµmnV?RSQ5[IV=vHJT_c!]YjJRSQbZjJ/]YcRSQbXYTWeg;JRWQHX%`bcfJ/vÐRWQZaV?ItH`w[l]^[RWVYQb]YT u`HRWvvwe=Qb]^IR_Zc+ÀÏÁCq-ÃÌ"RWQ
tu]^j[R_Za`HT_]^jRWQ¼IJa[J#VYjlVYTWVYX?eYÌÅVwZJ#]^QbVYXYjx]^tbE5e?ÌÅ]^Quv¦ZTSRWI][lJ½jJ/cfJ/]^jxZxEdÄ D$e5tbRWZ#]^T]^tbtHTSR_Z]^[RWVYQbc(]^jlJ
vb][l]]YclcfRWIRST_][lRSV?QdÌYIVwvwJTu[`bQHRSQbXbÌ=]^QbvcJQucfRS[RW=R[ne]^Qb]YTSewcRWc#Ä CVY[E(vH]^[l]]?ccRWI+RWT_][RWVYQ]YQbvIVwvwJT
[l`HQHRWQHXÐvwJjlRWYJ]cJa[UV^FZaV?Q?[ljV?T]YjR_]^gHTWJ#c![lEb][]YZxEbRSJ#YJ#cP]^QVYtH[RWI]YTkvwJX?jJ#JVYCZaV?QbcRWcf[J#QbZaeÐg;Ja
[ ¶ JJ#Q°cfRWI`HT_][lJ#v¢]^QuvV?gbcJjlYJ#vh5`b]^Q5[RS[RWJ#c#ÄDFEbJjlJg=eÐ[EbJvwJX?jJ#JV^ZaVYQucfR_cn[lJQbZe½R_ch5`b]^Q5[R bJ/v
g=e¢]½clZ]^T_]^jU]YTS`HJ/v°IRWc H[+VYjZV?cf[¤`HQbZa[RWVYQdÌ ¶ EHR_ZxE°R_cvwJbQHJ#v°[jlVY`HX?E[lEHJÀ1`bc`b]^TWTSeT_]^jlXYJ]^Quv
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ZVYItHTWJabÃQ5`bI+J#jR_Z]YTFI+VwvwJ#TV^![EHJÐce=cf[J#I `HQbvHJjZaV?QbcRWvwJ#jl]^[RWVYQdÄDFEHJ%ZV?cf[¤`HQbZ[lRSV?Q¦Z#]^Q¦guJ
IRWQHRWI+RWÂJ/vIV?cf[ÅJZRSJ#Q?[lTSe+g=e`ucfJVY"tuV ¶ Jj¤`HTbRS[J#jl]^[RWYJX?jl]?vwRSJ#Q5[Å]^TWXYVYjlRS[EHIc áKÒ­Ì5R bjxcf[ÅVYjxvwJj
vHJjlRS][lRS?J#c!Z]^Q}guJ+tHjlV5R_vwJ/v"ÄPp\tHtHTWe=RSQHX[EbJjlJ?JjxcfJUIVwvwJ+V^$]Y`w[V?I]^[R_ZvwRSJjlJQ5[R_][lRSV?QÀ1p!PÃ
]?vµmnVYRWQ5[!ZaVwvwJJ]^TW`b]^[J#c[EHR_c bjxcn[\V?jlvHJj!vHJjlRS][lRS?JVYj!XYjx]YvwRWJQ5[ÀñcfJ#JRWQ5[jlV=vH`bZ[lVYjlecJ#Z[lRSV?QuÃÄPD²V
]YQb]^TWe=ÂJ$[EHJ`bQbZaJ#jf[x]^RWQ?[lRSJ/c-RSQ[EbJRSQw¤J#jjlJ#vVYtH[RWI]YTH]^TW`HJ#c-VYb[lEHJZaV?Q?[ljV?T=µ]YjR_]^gbTSJ/cÌ^cJ#ZVYQbvVYjxvwJj
vHJjlRS][lJ#cUVY[EHJ%cZ#]^T_]^jU]^TW`HJ/vZaV5cn[¤`bQbZ[lRSV?Q]^jlJV^RWQ?[lJjlJ#cf[#Ä}o=RWQbZJYÌ-`bc`b]^TWTSe?Ì[EHJQ5`bIg;JjVY
ZVYQ5[jlVYTC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¤VYj ¶ ]YjlvVYJ#j$¤V?jf
¶ ]^jxvÐIVwvwJÐÀ1q-ÙPq-Ã!V?jD]µe=TSV?jPcJjlRWJ#c!Jawtb]^QucfRWVYQ¦À1Do ÅÃ W ­Ä+qbVYjUclZ]^T_]^jP]^TW`HJ#v½¤`HQbZa[RWVYQbcUq-ÙPs
R_cFI`uZxE1]?cn[lJj/ÌH]^Qbv[lEHJUjJ#TW]^[RWYJPj`bQ[lRSIJUR_cRWQbvwJt;JQuvwJQ5[V^[EbJUQ5`bIg;JjV^kZaV?Q5[jlVYT]^jlRW]YgHTSJ/cÌ
¶ EbRSTWJU[EbJZaV5cn[!V^9qÙPsÈ]YQbv½Do ¼RWQbZjJ/]YcJ#c ¶ RS[E·[lEHRWc!Q=`HIg;Jj/Är QÐ[lEHJV?je?Ìu]jlJT_][lRS?JUj`HQ·[lRSIJ
g;JTWV ¶  cfEHV?`HT_v(g;J][[l]^RWQb]YgHTSJáK^­Ä
p\T[lEHVY`HX?E¤VYj9[EHJP]^g;VYJIJ#Q?[lRSV?QHJ#v+]^tbtHTSR_Z]^[RWVYQbc#ÌYRWQ[lEHJV?je?Ì?]YvmnVYRWQ?[$I+VwvwJ#TWc$]^T_cfVZVY`HT_vEb]µ?J
g;JJ#QÐEb]^Quv%ZVwvwJ#v"ÌutHjlVYgb]YgHTSe?ÌHRWQÐtHjl]?Z[lRWcJYÌ ¶ RS[EbVY`w[!p! QHV?QHJUV^-[lEHJ#cJ]^tHtbTSR_Z]^[RWVYQbc ¶ VY`bTWv%Eb]µ?J
g;JJ#Qt;V?clcRSgHTWJYÄ¦DFEHR_cI+J/]^Qbc+RWQtu]^j[R_Za`HT_]^j[Eb]^[[EHJ#jJ·JawR_cn[QHV¢Eb]YQbvZV=vHJ#v¦ZaVY`bQ?[lJjltb]^j[lc[V
ZVYItb]YjJÐ[lEHJ]Y`w[V?I][R_Z]YTSTWeXYJ#QHJjx][lJ#v¼]YvmnVYRWQ?[·ZaVwvwJ}[VRWQ [lJjlIc(VYJZaRWJQbZeYÄ 	J#QbZaJ?Ì¤VYj
[lEHR_ctH`Hjlt;V?cJ ¶ JUJ#I+tbTSVe?J#v[EHJ+Æ·RSQbtb]YZxÎ5nK[J#cf[\tHjlVYgbTSJ#I ZaV?TSTWJ#Za[RWVYQ áK­ÄCqbVYjJ/]YZxE·tHjlVYgHTWJI [EHJ
ZVYTWTSJ/Z[lRSV?Q(ZaV?Q?[x]^RWQbc9Eu]^Qbv ¶ jlRS[f[J#QZV=vHJ[VZaV?ItH`w[JP]clZ]YTW]YjÅ]^TW`HJ#v¤`HQbZ[lRSV?QdÌwRS[lc$XYjx]YvwRWJQ5[#Ì=]^Quv
[lEHJ·tHjlV=vH`bZ[V^!R[xc 	J#clcRW]YQ[lRSIJ#c]YJ/Z[lVYj/ÄDFEHJ·Q=`HIg;JjV^PRSQuvwJt;JQbvHJQ5[]^jlRW]YgHTSJ/cZ#]^Q¦guJ
ZxEbV?cJQ]YjgbR[ljl]YjRWTSe?Ä JcJTWJ#Z[lJ#v·cR%tHjV?gHTWJIcF[Eu][\]^jlJjJ#tHjlJ#cJQ5[l]^[RWYJV^kcfI]YTST"[lVIJ#vwRW`HI cZ#]^TWJPV?tw[RWIRSÂ/][lRSV?Q
tbjV?gHTSJ#Ic]^jlRWcRWQHX%¤jV?I']^tbtHTSR_Z]^[RWVYQbcRSQc`Ht;JjxZaVYQuvw`bZ[lRS=RS[neYÌVYtw[lRSI]^TCvwJ#cRWXYQdÌ-ZaV?IgH`bcf[RWVYQ²Ì]^Quv
TW`HgHjlR_Z][lRSV?QdÄkD]YgHTWJU|HÄ +X?RS?J#c$[EHJUTWR_cn[VYtHjlVYgbTSJ#IcF]YQbv[EHJ#RSjQ=`HIguJ#jV^kqHVYj[jx]^Q%ZaVwvwJUTWRSQbJ#c#Ä
DFEHJZVwvwJP¤VYjF¤`HQbZa[RWVYQ·J]YTS`b]^[RWVYQ%Eb]YcFg;JJ#QÐvwRJjlJQ5[lRW]^[J#vg=eDp!Æ}Á¼[VX?JQHJ#jl]^[JZaVwvwJP¤VYj
J#]^TW`b][lRSV?QVY![lEHJÐXYjx]YvwRWJQ5[ÐÀ1]?vµmnVYRWQ5[(ZaVwvwJ/ÃaÄ DFEHJ½ZVYItb]^jlR_cfV?QEb]?cguJ#JQ¼Z]YjjlRSJ/vV?`w[VYQ¦[ ¶ V
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Qb]YIJ TWRSQHJ/c cEHVYj[vwJ#clZajlRWtw[RWVYQ
J#tw[ |w J#TW]?cn[lRWZaÏtHT_]Ycf[R_Z![V?jlcRSV?Q
clcZ |Ò cf[J/]Yvwe(cf[l]^[JZVYIgb`bcn[lRSV?Q
twmng H tHjlJ#clc`HjJvwR_cn[ljRWgH`w[lRSV?Q·RSQÐ]!mnVY`HjlQb]YT"guJ/]^jlRSQHX
X?Tñ Ó MPRWQHÂgb`HjXY­É]^Qbvb]^`Àfa vwRWI+J#QbcRSV?Qb]^T¨ÃCcf`Ht;JjxZaV?Qbvw`bZa[RW=R[ne
Icl]  IRWQHRSI]YT²cf`bjf1]?ZaJU]^jlJ#]
X?T_K ?Y MPRWQHÂgb`HjXY­É]^Qbvb]^`ÀÏKµ vwRWI+J#QbcRSV?Qb]^T¨ÃCcf`Ht;JjxZaV?Qbvw`bZa[RW=R[ne
D]^gHTWJ|wÄ HÊk~\]YI+J/cV^kÆ·RWQHtb]YZxÎ5nKtbjV?gHTSJ#Ic]^Qbv([EHJ#RSj\Q5`bIg;JjV^kZaVwvwJTWRSQbJ#c
I]?ZxEHRSQbJ#c#Ì9]o=`HQ Ñ TS[jx]x]^Quv]Á$jx]µe°ÁC HÄ¢D²V]^TWTSV ¶ ]½1]^RWj+ZVYItb]^jlR_cfV?Q°VYQ°[lEHJÐÁ$jx]µeÁCHÌ[lEHJ½t;Jj¤VYjlI]^QbZJ%VY[EHJ½Eu]^Qbv ¶ jlR[[JQ ZVwvwJÐEb]YcguJ#JQ¼RWI+tbjV?J#v¦g=eRWQbcfJ#jf[lRSQbX°YJ#Za[V?jRWÂ#]^[RWVYQ
vHRSjlJ#Za[RWYJ#c]YQbv½IV=RSQbX%ZVYQbvwRS[RWVYQu]^Tkcn[x][lJIJQ5[lcV?`w[UV^$[EHJRWQHQHJjUIV5cn[TSV=V?tdÄ+DFEbJZVwvwJ#cPEb]µ?J
g;JJ#Q¼ZaVYItHRWTWJ#vg5e[EHJÐ?JQbvwV?jlcqbVYj[jx]^QZVYItHRWTSJ#j ¶ R[lE¦[EHJÐtHjlJ#ZRWcRWVYQ]YQbvZaV?I+tbRSTWJjV?tw[RWVYQbc
X?RS?JQRSQÐD]^gHTWJ|wÄ HÄ
tHT_][f¤V?jI tHjlJ#ZRWcRWVYQ qbVYj[jx]^Q%ZaVYII]^Quv(TWRSQbJ
o=`HQ Ñ TS[jx]x vwV?`HgHTWJtHjJ/ZaR_cfRWVYQ 1 nÙKÁ$jl]µe·ÁC vwV?`HgHTWJtHjJ/ZaR_cfRWVYQ 1 nÙÈRSQHTWRWQHJ#{bÌ clZ]YTW]Yjl{bÌ ?J#Z[lVYjx{HÌ [l]?cfÎ 
D]^gHTWJ|wÄ HÊkikjlJ#ZRWcRSV?Q%]YQbv%ZaVYItHRWTWJjVYtH[RWVYQbcF`bcJ#v%V?QtHT_][¤VYjlIcÄ
DFEHJUjlJ#c`HTS[lcC¤V?jJ]^TW`b][lRSV?QVY[lEHJUXYjx]YvHRSJ#Q?[ZaVwvwJ/c]^jlJUvwJtHR_Z[lJ#v%RWQ·qRWXbÄÅ|HÄ K¤VYj\ow`HQ Ñ TS[jx]x]YQbvRWQqRWXbÄ9|HÄ {P¤V?jFÁ$jx]µeÁCbÄqbVYj9J#YJ#je[J#cf[$tbjV?gHTSJ#Iy[lEHJjlJT_][lRS?Jj`HQ[lRSIJ?Ì5RÏÄ JYÄ[EHJ\j`HQ[lRSIJ
VYd[EbJ!X?jl]?vwRSJ#Q5[CZaVwvwJZaV?Itb]^jlJ#v[lV[lEHJPj`HQ([RWIJPVYd[EbJ\¤`HQuZ[RWVYQ·ZaVwvwJ?Ì=Eb]YcCg;JJQ%Z]YTWZ`HTW]^[J/v¤VYj
vHRJjlJQ5[ÅQ=`HIguJ#jlckVY"RSQbvHJt;JQbvwJ#Q5[$]^jlRW]YgHTWJ#c#Ä-Ù!Q(o=`HQ Ñ T[ljl]^lF[lEHJEb]YQbv ¶ jlR[[JQZaVwvwJR_c9RWQ¤VY`HjZ#]YcJ#ccTSV ¶ JjF[lEb]^Q·[lEHJDp!Æ}Á X?JQHJ#jl]^[J#v%ZaVwvwJÀñMÉKHÌ obobÁ!Ì MÉÅYÌ 9i9DÃaÄ	V ¶ J?Jj/ÌH]jlJI]^jlÎ]^gHTWJ
vHRJjlJQbZJZ#]^Q°VYQbTSe¢g;JcJJQ¤VYj[lEHJÐMÉK·tHjlVYgbTSJ#I%ÌkRWQ]YTSTCV^[lEHJj+Z]YcJ#cvwRS;J#jJ#QbZaJ/c]^jlJ(cI]^TWTñÄ
pyQHJ#cf[J/v½TWV=VYt½RWQÐ[EbJ¤`HQuZ[RWVYQZaVYItH`H[RWQHX%ZVwvwJVY$MÉKR_cPcftHTWRS[!RWQ?[lV[lEHjJ#JTWV=VYtbc!RSQ½[EHJ+Eb]^Quv
¶ jlRS[f[J#Q}X?jl]?vwRSJ#Q5[!ZaVwvwJ?Ê\VYQbJ¤VYjPRWQ?[lJjlRSV?j!t;VYRWQ5[lcPV^k[lEHJvwVYI]YRSQ}]YQbvÐ[ ¶ V¤V?j!g;VY`bQbvH]^jle·tuV?RSQ5[xcÄ
DFEbRWcEb]YcguJ#JQZVYIIVYQ°tHjx]YZa[R_ZaJRWQEb]^Quv ¶ jRS[f[lJQ]?vµmnVYRWQ5[ZaVwvwJ/cÄÐr QZVYQ5[jx]^jleYÌ-DpPÆ}Á vwV=J#c
QbV^[ctHTWR[[lEHJ(TWV=VYt $kRWQbcf[J/]Yv¢RWQ?[lJjlRSV?j]^Quv¢guV?`HQbvH]YjetuV?RSQ5[lc]^jlJEb]^QuvwTSJ/v°cfRWI`bT[x]^QHJ#VY`bcTSe¢]YcRWc
RWItHTWRSJ/vÐg=e·cf[jlR_Z[P]YtHtHTWRWZ#][lRSV?QÐV^k[EbJjl`HTSJ/c\Dp!Æ}Á RWc!gb]YcJ#v·V?QáKw ­Ä\r Q}]YTST-Z]?cfJ/cÌb[EHJ+ZxEb]^QbXYJ#c
VYF[EHJ%jJ#TW]^[RWYJjl`HQ°[lRSIJ ¶ RS[E[EHJ%vwRSIJ#QbcfRWVYQV^[EbJ(tHjlVYgHTWJIcÀ¨[EbJ(Q=`HIg;JjV^RWQbvwJ#tuJ#QbvwJQ5[
]YjR_]^gHTWJ#cxÃ]YjJYJjleÐcfI]YTSTÏÄUÙ!Q]o=`bQ Ñ TS[jx]xt;Jj¤VYjlI]^QbZJR_cPZVYItHjlVYIR_cfJ/v·g5e½Z#]YZxEHJI+R_clcfJ/cÄDFEbJRWj!Q=`HIguJ#jPvwJ#tuJ#QbvHcPI]^RWQHTWeÐVYQÐ[lEHJIJ#I+V?je·QHJ#J#vwJ/v·¤VYj]^TWT-]^jlRW]YgHTSJ/cRWQ](TSV=VYtZaVYItb]YjJ/v
[lV[EbJZ]?ZxEHJcRSÂ#JYÄ\qbVYj!QHVYQw­TWRSQHJ/]^j!VYt;Jjx][V?jlc#Ìw[lEHRWc!jx][RWVR_c\vwRSJjlJQ5[\¤V?j¤`HQbZa[RWVYQ]^Qbv·X?jl]?vwRSJ#Q5[
ZVwvwJYÄkDFEHR_cJawtHT_]^RWQbcC[lEHJcftbRSÎ?J#c][ZJj[l]^RWQ%tHjV?gHTWJIcRSÂ#J#c#Ä
DFEHJvwRS;J#jJ#QbZaJ/c\RWQ}jlJT_][lRS?Jjl`HQÐ[RWIJ+]YjJ]^T_cfV%cfI]^TWTVYQ}]·Á$jl]µe½ÁCbÌuJwZJtw[]^X5]^RWQÐ¤VYj![EHJ
MÉKUtHjlVYgbTSJ#I%Ä 	J#jJ?Ì?RWQ(IV5cn[FZ]YcJ#c#Ì?[EHJ!jJ#TW]^[RWYJjl`HQ[lRSIJPRSQbZjJ/]YcJ#c$cfTWRSX?E5[TWe ¶ RS[E([EHJPtHjlVYgHTWJI
"%$÷"'&
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0 0.5 1 1.5 2 2.5
2.3
2.4
2.5
2.6
2.7
gradient to function time ratio    (ept on sun)
dimension [1.e5]
ra
ti
o
0 0.5 1 1.5 2 2.5
2
gradient to function time ratio    (gl1 on sun)
dimension [1.e5]
ra
ti
o
0 0.5 1 1.5 2 2.5
1
1.5
2
2.5
gradient to function time ratio    (gl2 on sun)
dimension [1.e5]
ra
ti
o
0 0.5 1 1.5 2 2.5
2
2.2
2.4
2.6
2.8
gradient to function time ratio    (pjb on sun)
dimension [1.e5]
ra
ti
o
0 0.5 1 1.5 2 2.5
1.1
1.15
1.2
1.25
gradient to function time ratio    (ssc on sun)
dimension [1.e5]
ra
ti
o
0 0.5 1 1.5 2 2.5
2.5
2.6
2.7
2.8
gradient to function time ratio    (msa on sun)
dimension [1.e5]
ra
ti
o
hand coded
TAMC      
qRWXY`HjlJ½|wÄáKwÊ½sJ#TW]^[RWYJ·jl`HQ¦[RWI+JÐVYPX?jl]?vwRWJQ5[ZVwvwJÐVYQ o=`HQ Ñ T[ljl]^l°À¨= ]wR_cR_c[lEHJÐQ=`HIg;JjVYZVYQ5[jlVYT]^jlR_]^gHTWJ#cxÃÄ
cRWÂJYÄ
o=V?IJ(jlJ#Z]YTWZ`HT_][RWVYQucURSQ[EHJ%]YvµmnV?RSQ5[+ZVwvwJ]YjJRWQbvwJ#tuJ#QbvwJ#Q?[+V^[lEHJ(tHjlVYgbTSJ#I cRWÂJYÄ}r­[EHJ#eYÌ
¤V?jcI]YTSTCcfRWÂJ/cÌZaV?Qbcn[lR[l`w[J%]·I]µeYVYjUtu]^j[V^F[EHJ ¶ EHVYTWJ(Z]YTWZ`HT_][RWVYQucP[EHJjl]^[RWV%R_c]YTSIV5cn[V?QHJYÄ
qbVYjFT_]^jlXYJ!cRWÂJ#c$[lEHJj`HQ[RWIJV^²[lEHJU]YvµmnV?RSQ5[ZaVwvwJPR_cvwVYIRWQb][lJ#vg=e`bt;vH]^[RWQHX]YvµmnV?RSQ5[F]^jlRW]YgHTSJ/cÄ
DFE=`bc#Ì^[lEHJjx][lRSVvwJ#tuJ#QbvHcÅVYQ[EbJ\ZaV?I+tbTSJ=RS[neVY[EHJQbVYQw­TSRWQHJ/]^jkVYt;Jjx][lRSV?QbckRWQ[EHJ!ZaVYjljlJ#ctuV?QbvwRWQHX
¤`bQbZ[lRSV?Q ZaVwvwJYÄ Ù!QYJ/Z[V?jI]YZxEHRWQHJ#cTSRWÎYJ·[lEHJÁ$jx]µeÁCjl`HQ[RWIJ}vwJ#tuJ#QbvHcI]YRSQHTWeV?Q[EHJ
JZaRWJQ5[`bcJV^?J#Za[VYjtHRSt;J#c#Ä½qHV?j[lEHJ#cJ[J/cn[+tHjlVYgHTWJIc[lEHJ(J;J/Z[RWYJ(YJ#Za[V?jTSJ#QHX^[lERWQbZajlJ#]?cfJ/c
¶ RS[E¢[lEHJQ=`HIguJ#jV^RWQbvwJt;JQuvwJQ5[]^jlR_]^gHTWJ#c#Ä(DFE=`bc#ÌV?Q¢]Á$jl]µeÁC HÌRSQZVYQ5[jx]^jle·[VÐ[lEHJo=`bQ
Ñ T[ljl]^l?Ì9[lEHJ½]^g;VYJ#I+J#Q5[RWVYQHJ/v[ljl]YQbcfRS[RWVYQ[VvHVYIRSQu]^QbZJ%VYP`bt;vH]^[RWQHX]YvmnVYRWQ?[]YjR_]^gHTWJ#c+R_c][EbRSX?EHJjtHjlVYgbTSJ#IcfRWÂJ/cÄ
DFEHJ 	\J#clcfR_]^Q([RWI+J/cFYJ/Z[V?jZaVwvwJEb]YcCV?QHTSeg;JJ#QÐZaVYItb]YjJ/vVYQ[EbJUow`HQ Ñ T[ljl]^l?ÄkDFEHJjJ/cf`HTS[lcvHJtHR_Z[lJ#v+RSQqRWXbÄk|wÄ ÒcEHV ¶ [EHJjlJT_][lRS?J$jl`HQ+[RWIJV^;[EHJ 	\J#clcfR_]^Q[RWIJ#ck?J#Z[lVYjkZaVwvwJZVYItb]YjJ/vU[V
[lEHJUjl`HQ([lRSIJUVY[lEHJUVYjlRSX?RSQu]^T;¤`HQbZa[RWVYQÐZaVwvwJ?Ä9Ù!QbTSeRWQ·VYQHJUZ#]YcJÀÏMÉK?ÃCRWcC[lEHJDpPÆ}Á XYJQbJjx][J/v
÷÷ ¾¿ÁÀÁÀÁÀ
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0 0.5 1 1.5 2 2.5
0.5
1
1.5
2
gradient to function time ratio    (ept on cray)
dimension [1.e5]
ra
ti
o
0 0.5 1 1.5 2 2.5
1.4
1.6
1.8
gradient to function time ratio    (gl1 on cray)
dimension [1.e5]
ra
ti
o
0 0.5 1 1.5 2 2.5
1
1.5
2
2.5
gradient to function time ratio    (gl2 on cray)
dimension [1.e5]
ra
ti
o
0 0.5 1 1.5 2 2.5
1
1.5
2
2.5
gradient to function time ratio    (pjb on cray)
dimension [1.e5]
ra
ti
o
0 0.5 1 1.5 2 2.5
0.9
1
1.1
1.2
1.3
gradient to function time ratio    (ssc on cray)
dimension [1.e5]
ra
ti
o
0 0.5 1 1.5 2 2.5
1.2
1.4
1.6
1.8
2
gradient to function time ratio    (msa on cray)
dimension [1.e5]
ra
ti
o
hand coded
TAMC      
qRWXY`HjlJP|HÄ {bÊsJ#TW]^[RWYJ!j`HQ[RWI+JPV^XYjx]YvwRWJQ5[$ZV=vHJ\VYQ·Á$jl]µeÁCÀ¤=­]^=R_c$RWcÅ[EHJPQ=`HIg;JjCV^²ZVYQ5[jlVYT
]YjR_]^gHTWJ#cxÃÄ
ZVwvwJÅ1]?cn[lJj[Eu]^Q[lEHJFEb]^Quv ¶ jlR[[JQZaVwvwJ?Äp!c¤VYj[EHJFXYjx]YvHRSJ#Q?[-ZaVwvwJ?Ì[EHJCEb]YQbv ¶ jlRS[f[J#Q?JjxcfRWVYQVY
[lEHJ 	J/ccR_]^Q[RWI+J/ckYJ/Z[lVYj9ZaVwvwJC¤V?jk[EHJ\MÉK!tHjV?gHTWJIyctHTWR[xc9]QHJ#cf[J/v+TSV=VYt+RWQ?[lV[EHjlJJFTWV=VYtbc#Ä C`w[
[lEHJ9jl`HQP[RWIJ9tuJ#Qb]^TS[ne¤V?j"[EbRWccftHTWRS[f[RWQHXR_c"I`bZxEUIVYjlJtbjV?QHVY`HQuZaJ#vdÊ[EHJÅDp!ÆÁÐX?JQHJ#jl]^[J#vZV=vHJkRWc
]YguV?`w[k]\1]?Z[lVYjkK1]?cn[lJj qbVYj[EHJFVY[EHJ#jtbjV?gHTSJ#IcÌµ[lEHJDpPÆ}Á¢X?JQHJ#jl]^[J#vZaVwvwJFRWc-cTSV ¶ Jj/ÌµguJ/Z]Y`bcfJ
Dp!ÆÁ XYJQbJjx][J/ccVYIJRWQHRS[R_]^TWRSÂ/][RWVYQucV^Å]?vµmnVYRWQ5[!]^jlR_]^gHTWJ#cF[lV(Â#JjlV[Eb]^[PZVY`HT_vÐg;JVYIRS[f[lJ#vÐg=e
ZVYIgHRSQbRSQHX[EHJ#I ¶ RS[Ecf`HgucfJ/h?`bJQ5[!]YclcRSX?QHIJQ5[lc[V[lEHJcl]^IJ]^jlR_]^gHTWJYÄp\T[lEHVY`HX?E½E=`HI]^Qbc!Z]YQ
J/]YcRSTWevHJa[J/Z[[lEHJ#cJZ]?cfJ/cÌu]^`w[lVYI][lRSÂ/][RWVYQ·Z]YQ·guJ/ZaVYIJ]YjgbR[ljl]YjRWTSeZVYItHTWJa"Ìbg;J#Z#]^`bcJURS[\IRSX?E?[
RWQ=YV?TS?JPZVYItb]^jlR_cfV?Q(V^-]^jljl]µec`HgbclZajlRStH[FJwtHjJ/ccRWVYQbc#Ä
r Qc`HII]^jleYÌ"[lEHJJZRSJ#QbZaeV^DpPÆ}ÁÈX?JQHJ#jl]^[J/v]?vµmnVYRWQ5[ZaVwvwJ]^Quv 	\J#clcfR_]^Q[RWIJ#cU?J#Za[VYj
ZVwvwJ\R_cFZaVYItb]Yjl]YgHTWJ[V[Eb]^[CVYd[EbJRWjCEu]^Qbv ¶ jlRS[f[J#QZVY`HQ5[J#jtu]^j[lc#Är Q%vwJa[x]^RWTñÌ5[EbJ!jlJ#c`HTS[lcCvwJt;JQbv
V?Qtb]^j[R_Za`bTW]Yjk¤J#]^[`HjlJ#ckVY[EHJPZaVYItH`H[JjC]^QbvV?Q[EHJPZaV?I+tbRSTWJjk[lEb][F]^jlJ`bcJ#v]^Quv]^T_cfVUV?QvwJa[x]^RWTWc
VY\[lEHJÐRSItHTWJIJ#Q?[x][lRSV?Q¦VY!g;V^[lE[lEHJÐtb]Yjf[lRWZ`HTW]Yj+¤`HQbZ[lRSV?Q¦[V¢guJ½vHRJjlJQ5[R_][lJ#v]^Quv[lEHJÐEb]^Quv
"%$÷"'&
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0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
0
1
2
3
hessvec to function time ratio    (ept on ultra10)
dimension [1.e5]
ra
ti
o
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
1.5
2
2.5
3
hessvec to function time ratio    (gl1 on ultra10)
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
5
10
15
20
25
hessvec to function time ratio    (gl2 on ultra10)
ra
ti
o
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
3.5
4
4.5
hessvec to function time ratio    (msa on ultra10)
dimension [1.e5]
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
1
1.5
2
2.5
3
hessvec to function time ratio    (pjb on ultra10)
ra
ti
o
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
1
1.2
1.4
1.6
1.8
hessvec to function time ratio    (ssc on ultra10)
hand coded
TAMC fw−rv
qRWXY`bjJ|wÄ ÒbÊksJ#TW]^[RWYJjl`HQ([lRSIJUVY 	\J#clcfR_]^Q[RWIJ#cFYJ/Z[lVYjZaVwvwJV?Q·o=`bQ Ñ T[ljl]^l?Ä
¶ jlRS[f[J#QvwJjlRWµ]^[RWYJ\ZVwvwJYÄkDp!Æ}ÁR_cÅ]µ]^RWT_]^gHTWJF[EHjlVY`bXYERS[lc$EHVYIJtb]YXYJ W#uVYj$g=eJ#TSJ/Z[jlVYQbRWZI]YRST
[lVR[xcvwJ#cRWXYQHJ#jÀ1jl]YT PcJ#]bÄ IRS[#Ä J#vw`;ÃÄ
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i]Yjl]YTSTWJTÁ$V?ItH`w[RWQHXÉ²]YguV?jl]^[V?je
!Jtu]^j[IJQ5[V^ kTWJ#Z[ljV?QHR_Zc#ÌuÁ$VYItH`w[lJj\owZRSJ#QbZaJ]YQbv%owe=cf[J#IcÌ
Ñ QHRWYJ#jlcRS[neV^ÅÁC]^T_]^gHjlRW]5Ó?{YsJQbvHJÀÏÁFoHÃ$År­[x]^TWe
p\`w[V?I]^[R_Z(!RJjlJQ5[lRW]^[RWVYQ À1p!PÃV^\ZVYItH`w[lJjtHjlVYX?jl]YIcRWcgb]YcJ#vV?Q¢[EHJ%cfewcf[JI]^[R_Z]^tw
tbTSR_Z]^[RWVYQ·V^-[EbJZxEb]^RWQÐjl`HTSJ $H[lEHJ]YclcV=ZRW]^[RW=R[neVY-[EHJZxEu]^RWQ%jl`HTWJ]^TWTWV ¶ cvwJjlRS]^[RWYJUtHjlVYtb]YX?]^[RWVYQ
[lV·guJt;Jj¤VYjlIJ#v][]^jlgHRS[jx]^jle%TWJ?JT_cV^F]^gbcf[jx]YZa[RWVYQbcÀ¤RÏÄ JYÄWÌclZaVYt;J#cVYCvwRSJjlJQ5[R_][lRSV?QuÃÌcf`bZxE¢]Yc
gbRSQb]YjeVYt;Jjx][lRSV?QbcÌ]YclcfRWXYQHIJ#Q?[/Ì²gb]?cfR_ZgHTWVwZxÎÌÅÄWÄSÄWÄ%DFEbJEHRWXYEHJ#jRWc[EHJcZVYt;JV^vwRJjlJQ5[lRW]^[RWVYQdÌ
[lEHJUIVYjlJ!JZaRWJQ5[\ZaV?`HTWvg;J[EHJZV=vHJ¤VYjZaV?ItH`w[RWQHXvwJ#jRW][RWYJ/cÄ
o=J#YJ#jl]YT-[J#ZxEbQHRWh5`HJ/cEb]µYJ+g;JJQ°tbjV?tuV5cfJ/vÐ[VÐJwtHTSV?R[[lEHJtHjlVYXYjx]^I cf[jl`bZa[`HjlJ]^Qbv[EbJ]YclcfVY
ZRW]^[RW=R[neV^P[EHJ}ZxEu]^RWQ¦jl`HTWJYÄ pIVYQHX[EHJ#I%ÌC[lEHJ½EHRWJjx]^jxZxEHR_Z]^T]YtHtHjlV?]?ZxE[Vp\  ÓcfJ#JIc[V
g;J]t;V ¶ J#jf¤`bTIJ[EHVwvwV?TSV?XYe%[VÐvwJ/cfRWXYQ½JZaRWJQ5[p\¬]^TWXYV?jRS[EbIc#ÄUr Q½[lEHR_ctb]^t;Jj/Ì ¶ J+tHjlJ#cJQ5[P]
EbRSJ#jl]YjlZxEHR_Z]YT;]YtHtHjlV?]?ZxE[Vp!Ìugb]YcJ#vVYQ[EHJ¤V?TSTWV ¶ RWQHX¤J/][l`HjJ/cÊ
Ë DFEHJtHjlVYXYjx]^I X?jl]YtHE½R_ctb]^j[RS[RWVYQHJ/v½RWQJ=[JQuvwJ#v}gb]YcRWZ+gHTWVwZxÎwcÀ  FÃaÌ ¶ EHJ#jJ+J#]?ZxE  ZaV?QbcfR_cf[lc$V^ 	  Á &
"  ]YQbv   Á	
"  Ä-qHV?j$J/]YZxEgHTWVwZxÎÌ5RWQw¤V?jI][lRSV?Q(]^g;VY`H[$[lEHJPvb][l] bV ¶ RWQHXRSQÐ]^Quv(V?`w[RWcZVYTWTSJ/Z[lJ#v%][\ZaV?ItHRSTWJP[RWIJYÄ
Ë 9]YZxE  ¢R_ckvwRJjlJQ5[lRW]^[J#vRSX?QHVYjlRWQHX!c`HjljV?`HQbvwRWQHX!ZVYItH`w[x][lRSV?Qbc-]^Qbv[EHJ  vwJ#jRW][lRS?Jcftu]^jxcfRS[netb][[JjlQbcC]^jlJ\J=tbTSV?R[lJ#vRWQ(V?jlvHJj$[V+jJ/vw`bZaJ\[EHJvwJ#jRW][RWYJPZaVwvwJZaV?I+tbTSJ=RS[neYÄkDFEHJ
ZxEb]^RWQ·j`bTSJR_c`bcJ#vÐ]^[[EbRWc\TSJ#YJT²V^kXYjx]^Q=`HT_]^jlR[ne[lVtHjlVYtb]YX?]^[J![EHJX?TSV?gb]^TvwJjlRS]^[RWYJ#c ¶ RS[E
jJ/cft;J#Za[[V+[EbJURSQHtb`w[lcVY[lEHJUtHjlVYX?jl]YI%Ä
Ë p ZVYQ5[J=[f cfJ#QbcfRS[RWYJcf[jx][lJX?eEb]?cg;JJ#Q}`bcJ#v·[lV(ZxEHV=V?cJg;Ja[ ¶ JJ#Q}]^tHtbjV5]YZxEHJ/c ¶ V?jÎ=RWQHX][vwRS;J#jJ#Q?[\clZaV?tuJ/cFV^-vwRJjlJQ5[lRW]^[RWVYQ¢À1]YclcRSX?QHIJQ5[TSJ#YJTÏÌ   TWJ?JT¨ÃÄ
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 J½Eb]µ?J%RWItHTWJIJQ5[J/v[EHJ}]YguV?JÐ]^tHtHjlV?]?ZxEg=e`ucfRWQHX°prnq   ÏÌ]T_]^QHX?`b]^X?Ja­RSQbvHJt;JQbvwJ#Q5[
RWQ5[J#jIJ#vHRW]^[J¤V?jI]^[Å[Eu][FI]YÎYJ/c9RS[CJ/]YcRSJ#j9[VJawt;JjlRSIJQ5[ ¶ R[lE(QHJ ¶ vwRS;J#jJ#Q?[lRW]^[RWVYQ(]YTSX?VYjlR[lEHIcÄ
DFEbJ%ZVYItH`w[x][RWVYQu]^TCjJ/cf`HTS[lc+cEHV ¶ tuJ#jf¤V?jI]YQbZaJX5]^RWQbcV^[lEHJtbjV?tuV5cfJ/v¢[J/ZxEHQHR_h?`bJ#c+ZaVYItb]YjJ/v
¶ RS[E·J=R_cf[RWQHX]^tHtHjlV?]?ZxEHJ#c#Ä
	   ·9
qbVYj]XYJ#QHJjx]^TC¤`HQbZa[RWVYQ  N  W Ì$[EbJÐjJ#YJjxcJ(IVwvwJ½]^Qbv[EbJ·¤VYj ¶ ]Yjlv°IVwvwJ½]YjJ%QHV^[
QbJ#ZaJ/ccl]^jlRWTSe!VYtw[lRSI]^T5cn[ljl]^[J#XYRWJ#c"¤V?j²X?JQHJ#jl]^[RWQHXR[xcvHJjlRS][lRS?J#c#Ä²DFEHJ$VYtw[lRSI]^T=cf[jx][J#XYePvwJt;JQbvbc²V?Q
[lEHJPtHjV?XYjx]^IÚcn[lj`uZ[`bjJ]^Qbv(VYQ([EHJPIJIVYjle]^Qbv[RWI+JUZVYQbcf[jx]^RWQ5[lc#ÄDFEHJPEHRWJjx]^jxZxEHR_Z]^T;]^tHtbjV5]YZxE
À 	\p!PÃvwJ#clZajlRWguJ/vURSQ áÓwvwJbQHJ#c]IJ[EHVwvwV?TSV?XYe[lV\J=tbTSV?R[[EHJ$tHjV?XYjx]^I cn[lj`bZa[`HjlJk¤V?jX?JQHJ#jl]^[RWQHX
IV?jJJZRSJ#Q?[vwJ#jRW][lRS?JZVwvwJ#c#Ä
DFEHJ 	\p\ R_cUgb]YcJ#vV?Q°tb]^j[RS[RWVYQHRWQHX%[EbJtHjlVYXYjx]^IXYjx]^tHE¢][cJ?Jjx]^TkTWJ?JT_cUV^]^gbcf[jx]YZa[RWVYQ $
¤V?jJ#]?ZxEfvwRSJjlJQ5[R_][lRSV?Qtb]Yjf[lR[lRSV?Q ³ Ìw[EHJvwJjlRS]^[RWYJ#cV^[EHR_ctHjlVYX?jl]YI¬¤jx]^XYIJ#Q?[xc]^jlJZaV?I+tb`w[J/v
RWXYQbVYjlRSQHXc`HjjlVY`bQbvwRWQHX+ZVYItH`w[x][lRSV?Qbc]^Qbv%]^tbtHTSe=RWQHX+[EHJZxEu]^RWQjl`HTWJ]^[[EHR_cTWJ?JT"V^XYjx]^Q=`HT_]^jlR[ne?Ä ¼EHJ#QHJ?Jj ¶ JFZ]YQR_vwJQ5[RS¤e]tbRSJ/ZaJCV^HtHjlVYX?jl]YI ¶ EHV5cfJ$Q=`HIg;JjV^bRWQHtH`H[-]YjX?`HIJQ5[lc²RWc-cI]YTSTWJj
[lEb]^Q+[lEHJQ=`HIg;Jj9VY;RWQbvwJ#tuJ#QbvwJ#Q?[$µ]YjR_]^gbTSJ/c²¤V?jÅvwRS;J#jJ#Q5[R_][RWVYQ·À¤RÏÄ JYÄWÌ?RWQ5[Jj1]YZJZaVYQ5[ljl]?Z[RWVYQ { ¤ÃÌ
[lEHJRSQuvwJt;JQbvHJQ5[vwRS;J#jJ#Q?[lRW]^[RWVYQV^Å[lEHJ#cJtHjlVYXYjx]^I tHRWJ#ZJ#cR_c!TWRWÎYJTWeÐ[lV%vwJ/ZajlJ#]?cfJ[EHJvwJ#jRW][lRS?J
ZVYItHTWJawRS[neÐRSQ](X?TSV?gb]^T¤VYj ¶ ]^jxv=ÏIVwvwJ]YtHtHjlV?]?ZxEdÄÁ$VYQ5[J5[­cJQucfRS[RWYJ+cn[ljl]^[JX?RSJ/c\tbTW]µe½]%Zajl`bZaR_]^T
jlVYTWJPRSQ·VYjxvwJ#j$[lVvwJa[lJ#Za[\]^Q%RSQ5[J#jf1]?ZaJUZaV?Q5[jx]YZ[lRSV?QdÄ
o=J#YJ#jl]YT"RSQw¤V?jI]^[RWVYQ%I`bcf[guJUtHjlV=RWvHJ#vRSQ·VYjxvwJ#j$[lV]^tHtbTSe(]YQ 	\p\ cn[ljl]^[J#XYe%$5[EHJ¤V?TSTWV ¶ RSQbX
RWQw¤V?jI][lRSV?Q ZaV?`HT_v¼guJVYgH[l]^RWQHJ/v g=e`bcfRWQHXvH][x]; bV ¶ ]YQbv vHJt;JQbvwJ#QbZaJ¢]^Qu]^TWe=cR_c}À¤V?jg=e¼`bcJj
vHRSjlJ#Za[RWYJ#cxÃÊ
Ë DFEHJUQ=`HIg;Jj\V^]YjR_]^gHTWJ#cC[lEb][tu]YclcFRSQÐ]^QuvV?`w[V^k]+tHjV?XYjx]^IÚ¤jx]^X?I+J#Q5[ $ ¶ JvwJQHVY[Jg=e.P[EHJcJa[V^9[lEHJ+RSQHtb`w[Uµ]YjR_]^gbTSJ/c!]YQbv½g=eÚ[lEHJcfJ[PVY9[EHJ+VY`H[tH`w[U]^jlR_]^gHTWJ#c\V^$]tHjlVYXYjx]^I
cfJ#XYIJQ5[/Ä
Ë DFEHJFQ=`HIg;JjkVY bV5][RWQHXYÏt;VYRWQ5[V?tuJ#jl]^[RWVYQbc#Ì/[EHJvwJ#XYjlJJ$V^;vHJjlRS][lRS?JCctb]YjlcR[neUVY;]!tHjlVYXYjx]^IcfJ#XYIJQ5[/Ä9DFEHRWcFRWQw¤V?jI][lRSV?QR_c`bcJa¤`bT"[VJ/cn[lRSI][lJP[EHJvwJ#jRW][lRS?JZV?cf[lc]YQbv[lVtHjlVYtb]YX?]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